
STUDIES ON NON-CATALYTIC LIQUEFACTION 

OF WESTERN CANADIAN COALS 

by 

B. Iqnas iak,  0. Carson, A. J .  Szladow* and N .  Berkowi tz  
A l b e r t a  Research Counci l ,  Edmonton, A lbe r ta ,  Canada 

Though s t i l l  o n l y  very incomplete ly  explored,  and sub jec t  t o  major 
r e v i s i o n s ,  Canada's coal resources a r e  so ex tens i ve  as t o  p lace t h i s  
country  among t h e  hal f -dozen most r i c h l y  coal-endowed na t ions  (1-3). 
Recent app ra i sa l s  ( Table 1 ) s e t  u l t i m a t e  i n -p lace  resources i n  ' 2  1 / 2 f t  
t h i c k  seams under l ess  than 2500 f t  o f  cover a t  some 518 b i l l i o n  tons; 
and p r e l i m i n a r y  est imates from deeper t e s t h o l e  logs suggest t h a t  s i m i l a r ,  
i f  n o t  even la rge r ,  tonnages may l i e  i n  coal occurrences a t  depths between 
2500 and 4500 f e e t .  

But t h e r e  a re  wide reg iona l  d i s p a r i t i e s  w i t h  respect  t o  d i s t r i b u -  
t i o n  and coal type. 

Except for a r e l a t i v e l y  smal l  ('500 m i l l i o n  ton)  l i g n i t e  depos i t  
in no r the rn  O n t a r i o ' s  James Bay area, t he  Centra l  reg ion  ( i - e . ,  Quebec, 
On ta r io  and Manitoba) which accommodates some 70% o f  t he  c o u n t r y ' s  popu- 
l a t i o n  and t h e  g r e a t e r  p a r t  o f  i t s  i ndus t r y ,  i s  devoid o f  coa l ;  and the 
Mar i t ime  Provinces ( p r i n c i p a l l y  Nova Scot ia)  con ta in  l e s s  than 2% o f  
Canada's t o t a l  coal - most ly  Carboniferous hvb coa l  which c l o s e l y  resembles 
i t s  Eastern US counterpar ts .  

The g r e a t  b u l k  o f  Canadian coa l  i s  concentrated i n  t h e  th ree  
Western prov inces (Saskatchewan, A l b e r t a  and B r i t i s h  Columbia). 
I n  t h i s  reg ion,  i t  i s  o f  Cretaceous and/or T e r t i a r y  age, w i t h  rank 
g e n e r a l l y  i nc reas ing  i n  a w e s t e r l y  d i r e c t i o n  toward the  Rocky Mountains. 
Although conta ined i n  d i f f e r e n t  geo log i ca l  format ions (which, i n  A lber ta ,  
form three p a r t i a l l y  ove r lapp ing  coal zones), t he  l i g n i t e s  o f  Saskatche- 
wan thus g i v e  way t o  subbituminous coals  i n  the  A lbe r ta  P la ins ,  and the 
l a t t e r  success ive ly  t o  hvb, mvb and l v b  coals  in  the  Mountain reg ions 
f u r t h e r  west. 

Table 1 sumnarizes l a t e s t  a v a i l a b l e  da ta  respec t i ng  reserves o f  
these c lasses o f  coa l .  

As ma t te rs  stand, t h e  low-rank coals of Western Canada (as w e l l  
as some hvb coal  i n  t h e  Mar i t imes)  a r e  now b e i n g  i n c r e a s i n g l y  used f o r  
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generat ion o f  e l e c t r i c  energy, and m e t a l l u r g i c a l  (mvb and I vb )  coals  a re  
be ing p r i m a r i l y  produced for expor t  (no tab ly  Japan, though o t h e r  markets 
a r e  being developed i n  Korea, South America and Western Europe). 
t h e  l a rge  reserves o f  near-surface subbituminous coals  and 1 i g n i t e s  a r e  
a l s o  be ing  looked upon as f u t u r e  sources o f  s y n t h e t i c  f u e l  gases and 
l i q u i d  hydrocarbons, and cou ld  the re fo re  augment p roduc t i on  o f  s y n t h e t i c  
crude o i l s  from, e.g., Nor thern A l b e r t a ' s  o i l  sands ( 4 ) .  

But  

A no tab le  fea tu re  o f  t h e  Western Canadian coals  i s  t h e i r  low 
su lphur  content  (usua l l y ,  <0.5%) which tends, however, t o  be p a r t l y  o f f -  
s e t  by h ighe r  minera l  ma t te r  contents  than a r e  associated w i t h  t he  
Eastern coals. As w e l l ,  the b i tuminous coa ls  i n  the  mountain b e l t s  a r e  
t y p i c a l l y  de f i c ien t '  i n  v i t r i n i t e ,  which o f t e n  represents less than 50% 
o f  the coal "substance" and o n l y  occas iona l l y  reaches 70-75%, b u t  t h i s  
i s  compensated by the  f a c t  t h a t  m i c r i n i t e s  and s e m i f u s i n i t e s  tend t o  be 
" react ive"  c o n s t i t u t e n t s  when t h e  coals  a r e  carbonized. Notwi thstanding 
t h e i r  low f l u i d i t y  ( r a r e l y  >IO00 dd/min), Western mvb coa ls  t h e r e f o r e  
make e x c e l l e n t  m e t a l l u r g i c a l  cokes when carbonized i n  s u i t a b l y  propor-  
t i oned  blends. 

But, perhaps r e f l e c t i n g  t h e i r  unique pe t rog raph ic  make-up as much 
as a more bas i c  chemist ry  which may s e t  them apar t  from t h e i r  Carboni f -  
erous equ iva len ts ,  t h e  Western coals  a l s o  tend t o  respond d i f f e r e n t l y  t o ,  
e.g., o x i d a t i o n  and t h e  a c t i o n  o f  so l ven ts  on them. A i r - o x i d a t i o n  a t  
150"C, i ns tead  o f  develop ing a c i d  oxygen func t i ons ,  incorporates much o f  
t h e  chemisorbed oxygen i n  carbonyl groups, and s o l u b i l i t y  i n  C H C l  ( a f t e r  
shock-heating to-40O0C) i s  s u b s t a n t i a l l y  sma l le r  than t h e  FSI wo2ld lead 
one t o  expect from c o r r e l a t i o n s  f o r  Carboniferous coa ls  (5) .  

These, and o the r ,  behaviour d i f f e r e n c e s  have prompted i n i t i a t i o n  
o f  several exp lo ra to ry  s tud ies  i n  o rde r  t o  e l u c i d a t e  the  response o f  
se lec ted  Western coa ls  t o  1 i q u e f a c t i o n  procedures, and t h e  parameters 
t h a t  a f f e c t  t h i s  response. This  paper summarizes some o f  t he  more impor- 
t a n t  observat ions recorded i n  the course o f  t h a t  work. 

1 .  L i q u e f a c t i o n  ( S o l u b i l i z a t i o n )  by I n t e r a c t i o n  w i t h  H-Donors 

To t e s t  i n i t i a l  s o l u b i l i z a t i o n ,  -5'gm samples were reacted w i t h  
10-15 gm o f  t e t r a 1  i n  a t  390+2"C and autogenic  pressures i n  he1 ium-purged, 
sealed heavy-duty Pyrex capsules which were i n s e r t e d  i n t o  a s t a i n l e s s  
s t e e l  bomb charged w i t h  -30 m l  t e t r a l i n  i n  o rde r  t o  counterbalance t h e  
pressures generated i n  the  capsules. Reactions were c a r r i e d  t o  comple- 
t i o n  over  4 h rs ,  a f t e r  which the capsules were cooled t o  room temperature 
and opened i n  a manner t h a t  pe rm i t ted  q u a n t i t a t i v e  a n a l y s i s  o f  a l l  r e -  
a c t i o n  products ( i n c l u d i n g  gaseous products) .  

I n  one se r ies  o f  experiments, res idua l  t e t r a l i n  was removed b y  
hea t ing  the  so l vo l yzed  samples a t  70-80°C i n  vacuo (-0.05 rmn Hg) t o  con- 
s t a n t  weight, and y i e l d s  o f  n o n - v o l a t i l e  products  and t h e i r  s o l u b i l i t i e s  
i n  p y r i d i n e  and i n  benzene were determined. 
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The s o l u b i l i t i e s  thus recorded f o r  13 Western (Cretaceous) coals  
( w i t h  69.6-91.5% carbon, daf) and 8 Carboniferous coals  (80.6-90.9% C, 
d a f )  a r e  shown i n  F igu re  1 ,  and i n d i c a t e  t h a t  

(a) t h e  p y r i d i n e - s o l u b i l i t i e s  o f  reacted Carboniferous subbituminous 
and b i tuminous c o a l s  a r e  s i g n i f i c a n t l y  h ighe r  than those o f  cor- 
responding Cretaceous coals ,  and 

(b) s t r o n g l y  cak ing  Carboni ferous coals  ( w i t h  86-88% C, da f )  tend to 
generate s u b s t a n t i a l l y  more benzene-soluble ma t te r  under the  re- 
a c t i o n  c o n d i t i o n s  of  these experiments. 

What i s ,  however, s t i l l  unc lea r  i s  whether these e f f e c t s  a r i s e  
s o l e l y  from d i f f e r e n t  chemical composit ions (and molecular  con f igu ra -  
t i o n s )  o r  a re  a l so ,  a t  l e a s t  i n  p a r t ,  a consequence o f  t he  Cretaceous 
coa ls  g e n e r a l l y  c o n t a i n i n g  almost tw ice  as much minera l  ma t te r  as t h e  
Carboni ferous samples. 

2. The Role o f  Ether-Linkages i n  S o l u b i l i z a t i o n  o f  Low-Rank 
Carboni ferous Coals by H-Donors 

There i s  some consensus t h a t  format ion o f  asphaltenes i n  the 
e a r l y  stages o f  s o l u b i l i z a t i o n  o f  low-rank b i tuminous coals  r e s u l t s  
f rom cleavage of open e the r -b r idges  (6). But  w h i l e  the  presence o f  
such c o n f i g u r a t i o n s  i n  h igh -  and medium-rank bituminous coals  i s  w e l l  
e s t a b l i s h e d  (7), t h e i r  ex i s tence  i n  less mature coals  remains t o  be un- 
e q u i v o c a l l y  d e m n s t r a t e d .  F r o m  reac t i ons  o f  low-rank bituminous coals  
w i t h  sodium i n  l i q u i d  ammonia o r  potassium in  te t rahyd ro fu ran ,  i t  has, 
i n  f a c t ,  been concluded t h a t  open ether-bonds a r e  absent (8) o r  o n l y  
present  i n  n e g l i g i b l e  concentrat ions (9) .  

The f a i l u r e  t o  de tec t  open e t h e r - I  inkages through t reatment  w i t h  
Na / l i q .  NH could,  o f  course, be due t o  format ion o f  non-cleavable phen- 
ox ides (IOj. We note,  i n  t h i s  connection, t h a t  low-rank coals ,  which 
c o n t a i n  much "unreact ive"  oxygen, a re  a l s o  cha rac te r i zed  by r e l a t i v e l y  
h i g h  concen t ra t i ons  o f  hyd roxy l  groups, and some "unreactive" oxygen 
cou ld  t h e r e f o r e  be q u i t e  reasonably associated w i t h  phenoxy phenol con- 
f i g u r a t i o n s .  However, whereas phenoxy phenols would be expected t o  
r e s i s t  cleavage by hydrogen-ddnors, low-rank coa ls  are, as a r u l e ,  most 
e a s i l y  s o l u b i l i z e d  b y  them; and i n  view o f  t h i s  seeming inconsis tency,  
we thought i t  p e r t i n e n t  t o  reexamine t h e  behaviour o f  oxygen-l inkages 
d u r i n g  i n t e r a c t i o n  w i t h  H-donors. 

The r e a c t i o n s  were c a r r i e d  o u t  under the  same cond i t i ons  as solu- 
b i l i z a t i o n  (see sec. I ) ,  except  t h a t  a constant  2:l donor :subst rate 
(molar) r a t i o  was used; and i n  some t e s t s ,  1,2,3,4-tetrahydroquinoline 
was employed ins tead  o f  t e t r a l i n .  The r e s u l t s  obta ined w i t h  d i f f e r e n t  
e t h e r s  a r e  summarized i n  Table 2. 

D e t a i l e d  d i scuss ion  o f  these f i n d i n g s  w i l l  be presented elsewhere, 
and here we o n l y  w i s h  t o  p o i n t  o u t  t h a t  responses t o  a hydrogen donor 
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tend t o  be q u i t e  c r i t i c a l l y  a f f e c t e d  by very minor  s t r u c t u r a l  d i f f e r e n c e s  
(as w e l l  as by poss ib le  copolymer izat ion o f  donor and subs t ra te ) .  
w h i l e  d iphenyl  e t h e r  remains s u b s t a n t i a l l y  una f fec ted  by exposure t o  a 
donor, i t s  hyd roxy -de r i va t i ves  (phenoxy phenols) o f t e n  d i s p l a y  f a i r l y  
h igh  r e a c t i v i t y .  Taken in  con junc t i on  w i t h  the  f a i l u r e  o f  low-rank coals  
(7) and phenoxy phenols (IO) t o  s u f f e r  reduc t i ve  cleavage when t r e a t e d  
w i t h  sodium i n  l i q u i d  ammonia, t h i s  lends some suppor t  f o r  t he  ex i s tence  
o f  phenoxy phenol e n t i t i e s  on these coals .  

Thus, 

Other observat ions,  however, i n d i c a t e  t h a t  t h i s  n o t i o n  w i l l  r e q u i r e  
more d i r e c t  evidence be fo re  i t  can be accepted. 

The iner tness o f  phenols and phenoxy phenols toward Na / l i q .  NH3 
can be a t t r i b u t e d  t o  the  f a c t  t h a t  phenols a r e  powerful proton-donors 
i n  t h i s  system; and res i s tance  o f  the r e s u l t a n t  anions toward reduc t i on  
i s  be l i eved  t o  r e s u l t  from s t a b i l i z a t i o n  by resonance (10). 
a t i o n  o f  low-rank coals  be fo re  t reatment  w i t h  Na / l i q .  NH3 the re fo re  
o f f e r s  means for e s t a b l i s h i n g  the  presence o f  phenoxy phenol e the rs  i n  
them, an a l t e r n a t i v e  i s  a f fo rded  by the  observat ion t h a t  some phenols 
can be reduced by concentrated s o l u t i o n s  o f  l i t h i u m  (11) :  
r e a c t i o n  a l s o  reduces phenoxy phenols i n  coal ,  a second t reatment  should 
then cause ether-cleavage. 

While a l k y l -  

i f  t h i s  l a t t e r  

We found, however, t h a t  even h i g h l y  concentrated l i t h i u m  (9M)  o r  
sodium (3H) so lu t i ons  d i d  n o t  reduce coal  so t h a t  subsequent t reatment  
increased i t s  hydroxy l  content ;  and i n  p a r a l l e l  t e s t s ,  100% unreacted 
p-phenoxy phenol was always recovered from the  l i t h i u m  so lu t i ons .  

The f a i l u r e  td c leave p-phenoxy phenol by reduc t i on  and subsequent 
s c i s s i o n  o f  t he  ether-bond prompted us t o  examine the p o s s i b i l i t y  o f  
s p l i t t i n g  the  C-0 bond i n  the  a l k y l a t e d  molecule (12). Attempts t o  a l k y l -  
a t e  p-phenoxy phenol w i t h  CgH5Br a f t e r  t reatment  w i t h  l i t h i u m  i n  l i q u i d  
ammonia proved u n i f o r m l y  abo r t i ve ;  b u t  e t h y l a t i o n  i n  Na / l i q .  NH y i e l d e d  
n e a r l y  50% o f  t he  e t h y l a t e d  product, and e t h y l a t i o n  i n  K / l i q .  N13 l e d  t o  
q u a n t i t a t i v e  conversion - w i th -40% o f  t h e  r e a c t i o n  product  recovered as 
p-diethoxybenzene.. P ro tona t ion  i ns tead  o f  e t h y l a t i o n  fu rn i shed  -45% of 
p-dihydroxybenzene. In  t h e  l i g h t  o f  these r e s u l t s ,  we b e l i e v e  t h a t  t he  
ether-bond i n  phenoxy phenols can be cleaved w i t h o u t  p r i o r  a l k y l a t i o n ,  
and consider  i t  s i g n i f i c a n t  t h a t  t reatment  o f  low-rank coal  ( o r  of a 
v i t r i n i t e  f r a c t i o n  from such coal )  w i t h  v a r i o u s l y  concentrated s o l u t i o n s  
o f  potassium in l i q u i d  ammonia d i d  n o t  cause an increased -OH content  
i n  the reacted ma te r ia l .  Nor was t h e h y d r o x y l  content  a f fec ted  by such 
t reatment  a f t e r  p r i o r  exhaust ive me thy la t i on  o f  t h e  coal  w i t h  d imethy l  
su lpha te  and K2C03 i n  acetone (13). 

I t  appears t o  us the re fo re  t h a t  cleavage o f  ether-bonds c o n t r i b u t e s  
1 i t t l e  t o  s o l u b i l i z a t i o n  (and consequent reduct ions o f  the molecular  
weight )  unless the coal  conta ins an apprec iab le  p r o p o r t i o n  o f  open oxygen 
l inkages i n  the  form o f  d i a l k y l  e the rs .  And s i n c e  t h e r e  a r e  i n d i c a t i o n s  
t h a t  such s t r u c t u r e s  a r e  genera l l y  absent (14) one might  t e n t a t i v e l y  con- 
c lude t h a t  molecular  weight  reduct ions du r ing  s o l u b i l i z a t i o n  by H-donors 
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accrue p r i m a r i l y  f rom C - C  bond s c i s s i o n  o r  from s t r u c t u r a l  real ignments 
associated w i t h  e l i m i n a t i o n  o f  oxygen. 
t h i s  by measuring molecular  weight  d i s t r i b u t i o n s  i n  H-donor l i q u e f i e d  
and non-des t ruc t i ve l y  s o l u b i l i z e d  coal products  (see sec. 3 ) .  

3. 

It should be p o s s i b l e  t o  t e s t s  

Non-Destruct ive Solubi  I i z a t i o n  o f  Lw-Rank Bituminous Coal 

Present methods f o r  s o l u b i l i z i n g  coal  ( i n c l u d i n g  reduc t i ve  a l k y l a -  
t i o n  i n  te t rahyd ro fu ran  ( 1 5 j  o r  l i q u i d  ammonia ( 8 ) )  e n t a i l  cleavage o f  
oxygen e the rs ,  s c i s s i o n  o f  C - C  bonds in c e r t a i n  p o l y a r y l - s u b s t i t u t e d  
ethy lenes and, i n  t h e  case of reac t i ons  in  te t rahyd ro fu ran ,  ex tens i ve  
e l i m i n a t i o n  o f  hetero-atoms (16). 

We t h e r e f o r e  draw a t t e n t i o n  t o  a novel  technique which a l l ows  
s o l u b i l i z a t i o n  o f  coal  w.ithout rup tu re  o f  covalent  bonds. This  method 
u t i l i z e s  t h e  f a c t  t h a t  the a c i d i t y  of low-rank coals ,  which i s  thought 
t o  be l a r g e l y  due t o  t h e i r  h i g h  -OH contents ,  can be enhanced by proper 
choice o f  a medium. 

We se lec ted  l i q u i d  ammonia because o f  i t s  pronounced s o l u b i l  i z -  
i n g  c h a r a c t e r i s t i c s  and p w e r f u l  i o n i z i n g  p roper t i es .  A t  -33°C and 
atmospheric pressure, the p b - v a l u e  f o r  a u t o - i o n i z a t i o n  of l i q u i d  am- 
monia [2NH3 % NH20 + NH4 @ ] i s  34; and s i n c e  t h e  equ iva len t  va lue f o r  
wa te r  i s  o n l y  14, many substances ( w i t h  p b - v a l u e s  between 14 and 34) 
which a r e  n e u t r a l  i n  water should be  capable o f  s p l i t t i n g  o f f  protons 
in  l i q u i d  ammonia. A c i d i c  p r o p e r t i e s  i n  l i q u i d  ammonia can be f u r t h e r  
enhanced by i nc reas ing  the  concen t ra t i on  o f  NH @ a t  the expense o f  
p r o t o n i c  NH4 0; and t h i s  can be achieved by a d i i n g  potassium and/or 
sodium amides which w i l l  then a l s o  form t h e  respec t i ve  coal  "sa l ts" .  

To t e s t  t h i s  approach,H5 g samples o f  low-rank v i t r i n i t e ,  each 
-300 mesh (Ty loe r )  were s t i r r e d  f o r  6 h r s  i n  l i q u i d  ammonia (150 m l ;  
-33°C) c o n t a i n i n g  -5 gms o f  potassium amide and-5 g o f  sodium amide. 
(The amides were formed i n  the  medium, be fo re  i n t r o d u c i n g  the  coa l ,  by 
a c t i o n  of anhydrous f e r r i c  ox ide  ( 1  g) o r  f e r r i c  c h l o r i d e  (1.5 g) on 
a l k a l i  metals.) The rea f te r ,  100 m l  of anhydrous e t h y l  e t h e r  was added, 
t h e  suspendedcoal m a t e r i a l  e t h y l a t e d  w i t h  C2H B r  (32 m l ) ,  and the  reac- 
t i o n  m ix tu re  s t i r r e d  u n t i l  a l l  ammonia and e t z e r  had evaporated. F o l I w -  
i n g  a c i d i f i c a t i o n  o f  the res idue w i t h  10% HCI ,  t h e  product  was thoroughly  
washed w i t h  d i s t i l l e d  water, d r i e d  a t  70-80°C i n  vacuo (0.05 mm Hg) and 
analysed. Table 3 sumnarizes the  r e s u l t s  o f  t h ree  consecut ive a l k y l a -  
t i o n s ,  w i t h  each datum be ing  the  average o f  f o u r  independent t e s t  runs. 
The i n i t i a l  e t h y l a t i o n  in t roduced 7-8 e t h y l  groups/100 C atoms i n t o  the 
coal ,  and t h e  r e s u l t s  o f  t h e  second and t h i r d  e t h y l a t i o n s  i n d i c a t e  t h a t  
e s s e n t i a l l y  o n l y  -OH groups were e t h y l a t e d  a t  t h i s  stage. Overa l l ,  how- 
ever ,  over  50% o f  e t h y l  groups in t roduced i n t o  coal  were = l i n k e d  t o  
hydroxy l  f u n c t i o n s .  Since i n  h igher- rank v i t r i n i t e s  no atoms o t h e r  than 
hydroxyl-oxygens a r e  suscep t ib le  t o  e t h y l a t i o n  by t h i s  procedure, i t  i s  
t e n t a t i v e l y  concluded t h a t  a c i d i c  carbon atoms e x i s t  o n l y  i n  low-rank 
coa ls .  
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The most i n t e r e s t i n g  outcome o f  t h i s  work i s  the obse rva t i on  t h a t  
low-rank v i t r i n i t e s  can be rendered s u b s t a n t i a l l y  s o l u b l e  i n  ch loroform 
and p y r i d i n e  by a l k y l a t i n g  coal s a l t s  formed i n  a non-reducing medium and 
under cond i t i ons  tha t  e f f e c t i v e l y  prec lude cleavage o f  cova len t  bonds. 

The s o l u b i l i t y  o f  coal  t r e a t e d  as above can be f u r t h e r  enhanced 
by i n t roduc ing  longer  a l k y l  chains. While, on r e d u c t i v e  a l k y l a t i o n ,  t h i s  
could lead t o  d imer i za t i on  and fo rma t ion  o f  o t h e r  by-products, non- 
reduc t i ve  a l k y l a t i o n  i s  n o t  accompanied by such s i d e - e f f e c t s .  Moreover, 
because o f  a s i g n i f i c a n t  reduc t i on  i n  t h e  number o f  a c i d i c  s i t e s ,  a c i d -  
base assoc ia t i ons  a r e  a l s o  e s s e n t i a l l y  excluded, and t h e  a l k y l a t e d  
product  should, t he re fo re ,  be amenable t o  GPC f r a c t i o n a t i o n .  Such f rac-  
t i ona t i on ,  conducted on B i o  Beads S - X I  and S - X 2 ,  r e s u l t s  i n  separa t i on  
by molecular weight  and i n d i c a t e s  t h a t  bo th  benzene and ch loroform 
e x t r a c t s  con ta in  subs tan t i a l  amounts o f  h igh  (-6000) and f a i r l y  low 
(560-640) molecular weight  f r a c t i o n s  (F igu re  2 ) .  While the  e x t r a c t  
y i e l d s  from non-reduct ive ly  e t h y l a t e d  v i t r i n i t e  increase i n  t h e  o rde r  
benzene e x t r .  -. chloroform e x t r .  -+ p y r i d .  e x t r . ,  t h e  molecular  weights ,  
determined by VPO i n  p y r i d i n e ,  decrease i n  t h i s  order .  

F igure 3 shows GPC f r a c t i o n a t i o n  o f  t he  benzene e x t r a c t  o f  a 
v i t r i n i t e  which, be fo re  a s i n g l e  non-reduct ive e t h y l a t i o n ,  was t r e a t e d  
w i t h  tetrahydronaphthalene a t  390°C. Although s o l v o l y s i s  reduced t h e  
-OH contents ( f rom 4.9 t o  1 .7%) ,  non-reduct ive a l k y l a t i o n  increased the  
benzene-so lub i l i t y  o f  t he  so l vo l yzed  m a t e r i a l  f rom 53% t o  80.2%. I t  
appears t h a t  t h i s  e f f e c t  i s  due t o  e t h y l a t i o n  o f  a c i d i c  carbon atoms. 

The ex is tence o f  a s u b s t a n t i a l  number o f  a c i d i c  carbons i n  a 
product  obta ined by thermal t reatment  o f  a v i t r i n i t e  i n  a reducing 
medium a t  390"C, but  absence o f  such carbons i n  h igher- rank coals  r a i s e s  
an i n t e r e s t i n g  quest ion about the  r o l e  o f  temperature i n  c o a l i f i c a t i o n .  

Analys is  o f  t he  r e s u l t s  presented i n  Figures 2 and 4 appears t o  
i n d i c a t e  t h a t  s o l v o l y s i s  o f  t h e  v i t r i n i t e  i s  a l s o  accompanied by p o l y -  
mer i za t i on  (see p y r i d i n e  e x t r a c t ,  F igure 4) .  I f  t h i s  can be conf i rmed,  
i t  would be wor th i n v e s t i g a t i n g  whether i t  invo lves  s p e c i f i c  f r a c t i o n s  
i n  the  o r i g i n a l  v i t r i n i t e  o r  has a random character .  S o l v o l y s i s  o f  
d i f f e r e n t  molecular weight  f r a c t i o n s  o f  a non - reduc t i ve l y  a l k y l a t e d  
v i t r i n i t e  (o r  coa l )  may f u r n i s h  some i n s i g h t .  
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Table 1. U l t ima te  in-p lace coal  resources i n  Canada (Energy. n ines S 
Resources, Canada, Report EP 77-5, 1976 Assessment 

Reg ion In-place, b i l l i o n  
tons P r i n c i p a l  coal  type 

f lar i t ime Provinces 
Nova Scot ia  
New Brunswick 1.7 hvb (Carb.) 

Western Region 
Saskatchewan 38.8 
A lber ta*  - P la ins  360.0 

Footh i  11s 10.0 
Mounta i ns 30.0 

77.8 
B r i t i s h  Columbia 

l i g n i t e  (Ter t . )  
subb i t .  (U.Cret. t Tert . )  
l vb ,  mvb, hvb (Cret . )  
Ivb,  mvb, hvb (Cret . )  
mvb, l v b  (Cret . )  
subb i t .  (Ter t . )  

Canada Tota l  518.3 
~ _ _ _ ~  ~~~ 

*A f te r  Energy Resources Conservation Board. Report 77-31, December 1976 

Table 3. Non-reduct ive e t h y l a t i o n  o f  Carboni ferous v i t r i n i t e "  
i n  l i q u i d  ammonia 

~ 

E thy l  groups Chloro- P y r i o l  ine 
i n t r .  per form S o l u b i I i t \  
100 mg Cat. Solub- 

i l i t y  

I E t h y l a t i o n  7-8 25 45-50 

I I  E t h y l a t l o n  8-9 45-50 55-60 

1 1 1  E t h y l a t i o n  9-10 55-60 60-65 

U l t .  ana lys i s  No o f  hydro 
(daf )  x y l  groups 

%C %H %N per 100 mg 
Cat. 

81.0 6.3 1.6 2.8 

81.3 6.8 1.8 2.0 

81.1 7.0 1.5 1.1 

* S o l u b i l i t i e s  o f  un t rea ted  v l t r i n i t e :  CHC13 - 1%; C5NH5 - 13%; 

Elemental ana lys i s  of un t rea ted  v l t r i n i t e  (daf ) :  80.8%C; 5.2% H; 
1.5%N; 0.9% 5; 5.0% OOH 
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Figure 1 .  Solubi 1 ities after treatment with tetrahydronaphthalene 
at 3 9 0 ° C  for 4 hours 
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